The current research aimed to reduce the effects of increasing Nile tilapia (Oreochromis niloticus) fish stocking density (SD) as stress factor by using dietary commercial probiotic supplementation (biogen ® or Bactocell ® ). The experimental Nile tilapia (mean weight of 4.00 g) were distributed by random into 18 hapa (1.5 X 2 X 2 m), representing to 6 treatments (3 replicates per treatment). In a 2 × 3 factorial arrangement, fish were divided into two main groups. The first group was stocked at 100 fish/m 3 and the second was stocked at 150 fish/m 3 . Each group was divided into 3 sub-groups; the 1 st sub-group was fed on a diet without supplementation with commercial probiotics, the 2 nd and 3 rd sub-groups were fed on diet supplemented with 2 g Biogen and 0.5 g Bactocell/kg diet, respectively. The obtained results showed that all tested water quality measurements were suitable for rearing Nile tilapia fingerlings. With increasing fish stocking density, final body weight (FBW), daily weight gain (DWG), specific growth rate (SGR) and daily feed intake (DFI) of fish significantly (P<0.001) decreased and feed conversion ratio (FCR) significantly (P<0.001) impaired while, survival rate significantly (P<0.001) increased. The highest value for each of (P<0.001) FBW, DWG, SGR and DFI were achieved in fish groups fed diets supplemented with probiotic, while FCR significantly (P<0.001) improved. The interaction between fish SD and dietary probiotic supplementation significantly (P<0.01) affected FBW, DWG and DFI, while SGR and FCR were insignificantly affected. All blood components studied were insignificantly affected with fish SD. Hemoglobin, RBCs, WBCs, total protein, albumin and globulin of Nile tilapia fish significantly (P<0.001) affected with probiotic treatments. The interaction between fish SD and dietary probiotic supplementation significantly (P<0.01) affected WBCs only. Approximate analysis of body composition of Nile tilapia fish showed that, ash percentage only significantly (P<0.05) affected with SD, while crude protein, ether extract and ash percentages were significantly (P<0.001) affected with probiotic treatments. Within low SD the percents relative level of protection (RLP) after the challenge infection test using A. hydrophila in fish groups fed diet supplemented with biogen or bactocell were 100 and 60%, respectively. While, with high SD the RLP was 100 and 75% in fish groups fed diet supplemented with biogen and bactocell, respectively as compared with control fish group in the two levels of SD which recorded 0% of RLP. Final profit margin increased by 30.37 and 10.37%, in fish group stocked at high density and fed diet supplemented with biogen or bactocell, respectively when compared with fish group stocked at low density and fed diet without probiotic. The obtained results recommended that dietary probiotic (biogen or bactocell) supplementation to Nile tilapia (Oreochromis niloticus) diets reduce the effects of increasing stocking density as stress factor and achieve better growth performance, high disease resistance and high margin.
INTRODUCTION
The industry of aquaculture is rapidly increasing to supply a valuable origin of protein for the increasing worldwide human needs (Gobi et al., 2016) . Nile tilapia (Oreochromis niloticus) is a widely cultivated species as it grows and reproduction in a wide scope of environmental conditions and bears stress induced by handling (Tsadik and Bart, 2007) . With its characteristics, O. niloticus can simply be cultured well in different aquaculture systems like cages, ponds, tanks or raceways (Gerald et al., 2016) .
Stocking density (SD) is a main factor to realize the perfect production because it is directly correlated with physiological and physical parameters like, water quality, nutrition, biochemical phases and culturing system (Islam et al., 2006) . On the other hand, several studies showed an opposite relationship between the stocking density and growth rate of tilapia (Ridha, 2006) . Despite the vital role of the intense rearing systems on the rise the aquaculture industry but it evoked a stressful environment to fish leading to inhibtion of the immune system, decrease feeding, poor growth and low flesh quality (Harikrishnan et al., 2010) . The Intensive production of tilapia can cause negative implications on fish performance and welfare. Thus, it is necessary to determine a proper density for optimal production (Costa et al., 2017) .
Special attention has been drawn to stocking density as one of main factors affecting the expected level of stress in fish (North et al., 2006) . Fish may confronte different types of stress like stocking density (Lupatsch et al., 2010) , anoxia, hypoxia, chemicals and pesticides (Vani et al., 2011) . To avert these stressful conditions, interference with immune stimulants, vaccines and probiotic bacteria, either as feed additive or in water, could trigger the defense system and thus improve the harmful effects mediated by various stress factors (Ringo et al., 2012) .
Biogen is a dehydrated natural product composed of Allicin, high unit hydrolytic enzymes, Bacillus subtilis and Ginseng extract (Ali et al., 2010) . Biogen ® can enhance the metabolism of fish body cells, raises the palatability of feed, enhances the secretion of digestive fluids and induces the appetite, improve feed utilization, public health and immune responses (Elam, 2004) . Also, allicin enhance the blood circulation in gills result an increasing in fish ability of to employ any little amount of dissolved oxygen. Biogen ® also contain ginseng extract that necessary for fish body to preserve its physiological functions and have the ability to promote the natural body resistance by activation of immune cells (Khalil et al., 2001) .
Bactocell ® is a by-product probiotics of lactic acid bacteria which composed of 1×10 10 CFU g -1 Pediococcus acidilactici (Fuller, 1989) . This product is assumed to enhance the immunity against diseases, environmental stresses, growth performances in shorter time, and decrease mortalities (Gatesoupe et al., 1997) .
Therefore, the current work aimed to reduce the effects of increasing fish SD as stress factor by using dietary commercial probiotic supplementation (biogen ® and Bactocell ® ).
MATERIALS AND METHODS
The present work was conducted out at the Animal Production department, Agriculture Faculty, Zagazig University, Zagazig, Egypt. Practical work and chemical analysis were carried out at the Abbassa Fish Farm (Sharkia) of the General Authority for Fish Resources and Development (GAFRD), Egypt. The experimental period was 12 weeks (84 days).
Experimental Design and Fish Diet
Healthy Nile tilapia (Oreochromis niloticus; mean weight of 4.00 g) were acquired from Abbassa fish hatchery, General Authority for fish Resources and Development (GAFRD). The experimental fish were distributed by random into 18 hapa (1.5 × 2 × 2 m) were installed in earthen pond with the help of rope and clips, representing to 6 treatments (3 replicates per treatment).
In a 2 × 3 factorial arrangement, fish were divided into two main groups. The first group was stocked at 100 fish/m 3 and the second was stocked at 150 fish/m 3 , each one was divided into 3 sub-groups; the 1 st sub-group was fed on a diet without supplementation with commercial probiotics, the 2 nd sub-group was fed on diet supplemented with 2 g Biogen/kg diet and the 3 rd sub-group was fed on diet supplemented with 0.5 g Bactocell/kg diet. All fish groups were fed on basal pelleted diet. The basal diet was composed to coat the recommended nutrient requirements of fish according to NRC (2011). The composition and chemical analysis of the basal diet are shown in Table 1 . Fish were fed three times daily (8:00 am, 12:00, and 16:00 pm) by rate of 5% of fish live body weight. During the experiment, feed intake of each replicate was readjusted according to the biomass biweekly.
Experimental Management

Water quality
Water quality measurements were monitored weekly in each hapa during the period of experiment. The total ammonium, nitrite, nitrate and pH levels were determined by using Hach Kit model HI 83205 (Multipurameter Bench Photometer, Hanna Instruments, Romania). Dissolved oxygen and temperature determined by HI 9146 (Oxygen and temperature Meter (Hanna Instruments, Romania). All aforementioned measurements were in the normal levels (Boyd, 1990) .
Growth performance
Fish were counted and weighed biweekly to determine growth performance. Specific growth rate (SGR), Feed conversion ratio (FCR) and survival rate (SR) were calculated using the following equations: SGR = [ln final mean body weight − ln initial mean body weight]/time intervals (days) × 100. FCR = (feed intake, g) / (weight gain, g). SR = (final number of fish / initial number of fish) × 100.
Whole-body chemical analysis
At the final of experimental period, samples each of five fish from each hapa were randomly taken and prepared for whole chemical analysis. Proximate analysis was performed on to diet formulation and fish at the final of the experiment. Moisture (loss on drying at 105ºC for 12 hr.). Protein (Kjeldahl, nitrogen × 6.25), lipid (Soxhlet ether extractives), ash (residue after ashing at 550ºC for 12 hr.) and NFE (nitrogen free extractives) being determined, contents were determined using standard AOAC (2005) methods.
Physiological parameters
At the end of the experiment, blood samples were taken from the caudal blood vessels by use a disposable 1 cc tuberculin syringe. Whole blood was collected in sterile vial containing EDTA as an anticoagulant. Blood samples were used to measure the hemoglobin (Hb) content using a commercial kit (Diamond Diagnostic, Egypt).The total erythrocyte (RBCs) and leukocyte (WBCs) counts were counted using an Ao Bright-Line Haemocytometer (Neubauer improved, Precicolor HBG, Germany) according to Jain (1993).
Other blood samples for serum separation were collected without the addition of anticoagulants and then centrifuged at 3000 rpm for 20 min and stored at -20°C until further biochemical analyses. Total protein (TP), albumin (Sundeman, 1964) and plasma transaminase enzymes (AST; aspartate amino transferase and ALT; alanine amino transferase (Reitman and Fankel, 1957) were measured by using the commercial kits from Diamond Diagnostics Company, Egypt.
Bacterial challenge test
At the final of the experiment, response to challenge infection test using a suspension of pathogenic A. hydrophila (0.3 ml of 10 7 bacterial cells/ml) via I/P route to 20 fish/ treatment/ challenge (Aly et al., 2008) . Inoculated fish were noticed daily for 15 days after inoculation and mortalities were recorded. The relative level of protection (RLP) among the challenged fish was determined (Ruangroupan et al., 1986 ) by the following equation: RLP (%) = 100 -(per cent of mortality in treated group / per cent of control mortality) × 100
Profit analysis
Profitable evaluation was calculated as (Ayyat, 1991) : Final margin (profit) = Income from body gain in weight-Feed cost. Other overhead costs were assumed constant. Price of one kg of diet was 8.00 LE and price of selling of one kg live body weight of fish was 20.0 LE. 
Statistical Analysis
Analysis of variance for data was accomplished using the SAS General Liner Models Procedure (SAS, 2002). The effects of stocking density levels and probiotics treatments were statistically analyzed by factorial analysis of variance according the following statistical model:
Where, Y ijk is an observation, µ is the overall mean, D is the fixed effect of density (i=1…2), P is the fixed effect of dietary probiotics level (j=1…3), DP ij is the interaction effect of fish SD and dietary probiotics supplementation and E ijk is random error. Means were tested for significant differences using Duncan's Multiple Range test (Duncan, 1955) .
RESULTS AND DISCUSSION
Water Quality
All tested water quality measurements were proper for growing Nile tilapia O. niloticus fingerlings. Water temperature, oxygen, pH, ammonia and nitrite (overall mean) were 28.4 ± 0.051°C, 5.05±0.033 mg/l, 7.76 ± 0.080, 0.123 ± 0.012 mg/l and 0.012 ± 0.007 mg/l, respectively. Ranges of water quality measurements were within the acceptable ranges wanted for normal growth of tilapia as mentioned by Boyd (1990).
Growth Performance and Feed Efficiency
The non-significant differences between the experimental groups for initial live body weight indicated that the groups at the starting of the experiment were homogenous ( Table 2) .
Effect of stocking density
Stocking density is one of the most important factors in aquaculture because it directly affects growth, survival behavior, health, feeding and production of fish under farmed conditions (Rahman and Rahman, 2003) . Final live body weight (FLBW), daily weight gain (DWG), specific growth rate (SGR) and survival rate (SR) of Nile tilapia fish were significantly (P<0.001) affected with the stocking density during all the different experimental period ( Table 2) . With increasing fish SD the FLBW, DWG and SGR of fish decreased by 7.53, 8.41 and 4.22%, respectively, in fish group stocked at high SD level when compared with fish group stocked at the low density while, SR significantly (P<0.001) increased with increasing fish SD (Table 2) .
Stress due to reduction in space availability was reported to be the primary factor for growth inhibition in juveniles stocked at high densities (Diana et al., 2004) . Tilapia is a territorial and aggressive fish (Halwart et al., 2007) thus competition for spaces aggravates crowdrelated stress, significantly affecting growth. Gerald et al. (2016) showed that growth performance was favorable in fish stocked at a lower SD as compared with those stocked at higher densities.
Daily feed intake (DFI) was significantly (P<0.001) decreased, also feed conversion ratio (FCR) significantly (P<0.001) impaired with increasing fish SD. Daily feed intake decreased by 6.04% while FCR impaired by 2.69% at all the experimental period (0-12 weeks) in fish stocked at high density than those stocked at low density ( Table 2 ). The present results were similar with those reported by Mahmoud (2012) who recorded that daily feed intake was decreased significantly in tilapia fish group stocked at high density compared with normal density in the same periods. The results of Ayyat et al. (2011) indicated that the best FLBW, DWG, and FCR were obtained in the fish group stocked at low SD.
Probiotic treatments
The highest significantly (P<0.001) value for each of FLBW, DWG and SGR was achieved in fish groups fed diets supplemented with probiotic than the control group (Table 2) . Moreover, fish group fed diet supplemented with biogen recorded the highest FLBW, DWG and SGR which increased by 14.36, 16.49 and 6.88%, respectively, followed by the fish group fed diet supplemented with bactocell which increased by 9.12, 10.64 and 5.06%, respectively than the control fish group. Survival rate insignificantly affected with dietary probiotic supplementation (Table 2) .
Using probiotics in aquaculture increases the nutrient utilization through providing enzymes capable of transfigure certain components of the diet into more digestible nutrients for the host. In this connection, Geovany et al. (2007) mentioned that feeding probiotics may enhance appetite and growth performance of the cultured fish species. However, the specific function of probiotics may vary according to the host animal and more on the probiotic characteristics. Also ,  Dowidar et al. (2018) examined the effect of three types of probiotics, in commercial names Protexin (T 2 ), Biogen-S (T 3 ) and Diamond V (T 4 ) as well as control diet (without probiotics, T 1 ). Fish fed probiotics-enriched diets showed higher growth performance than fish fed control diet. There was no significant variation in growth performance within fish fed different probiotics. The enhancement in body weight gain as a result of other various components of Biogen ® such as allicin, which is one of the garlic by-product which stimulated growth because of its thyroid activity (El-Nawawy, 1991).
Dietary probiotic supplementation was significantly (P<0.001) affected DFI and FCR (Table 2) . Daily feed intake at the whole of the experiment (0-12 weeks) increased by 6.75 and 5.29%, in fish fed diet supplemented with biogen and bactocell, respectively, while FCR significantly (P<0.001) improved by 8.25 and 4.82%, respectively in the same fish groups when compared with the control fish group (Table 2) .
The obtained results were similar to those reported by Soltan et al. (2016) who reported that feed intake (FI) was significantly affected by Biogen ® compounds (garlic, ginger, B. subtilis and digestive enzymes). Nile tilapia fry fed the Significance NS ** ** NS ** NS NS Means in the same column within each classification bearing different letters are significantly different. ***= Highly significant (P ≤ 0.001), **= Significant (P ≤ 0.01) and NS = Not significant. diet containing 1 g Biogen ® /kg diet consumed more feed than groups fed the other experimental diets (0, 2, 3, 4 g Biogen ® /kg diet). Biogen ® have a response as a palatability enhancer with the best taste that increase the feed intake by fish and hence increase the growth rate which may be due its content of various enzymes that increase feed digestibility, absorbability and intestinal villi activation.
Interaction between stocking density and probiotic treatments
The interaction between fish SD and dietary probiotic supplementation significantly (P < 0.01) affected FLBW and DWG while SGR was insignificantly affected (Tables 2). Fish group stocked at the low level and fed diet supplemented with biogen recorded the highest FLBW and DWG followed by fish group stocked at the same level and fed on diet supplemented with bactocell than other experimental groups.
Interaction between fish SD and dietary probiotic supplementation insignificantly affected SR at the whole of the experimental period (Table 2) .
Daily feed intake significantly (P<0.01) affected while FCR was insignificantly affected with the interaction between fish SD and dietary probiotic supplementation (Table 2 ). The fish group stocked at low density and fed diet supplemented with biogen recorded the highest values of DFI and the best value of FCR when compared with other fish groups (Table 2 ).
Blood Components
Effect of stocking density
All blood components studied were insignificantly affected with fish SD (Table 3) . The concentration of globulin, AST and ALT decreased in blood of fish stocked at high SD as compared with the low density (Table 3) . Means in the same column within each classification bearing different letters are significantly different. ***= Highly significant (P ≤ 0.001), **= Significant (P ≤ 0.01) and NS = Not significant. Ayyat et al. (2011) found that blood TP, albumin, ALT and T3 were insignificantly decreased in fish groups stocked at high SD as compared with those stocked at low SD. On contrary, Mahmoud (2012) found that the TP and globulin were significantly (P<0.01) affected by fish SD while albumin, AST and ALT were insignificantly affected. The same author showed that the elevation in some blood parameters may due to the crowding effect in groups stocked at higher level which may lead to competition on space, feed and aggression. Crowding on space may results directly on physiological as well as behavioral elevation combined with physiological changes.
In this respect,
Probiotic treatments
Hemoglobin (Hb), RBCs, WBCs, TP, albumin and globulin of Nile tilapia fish were significantly (P<0.001) affected with probiotic treatments, but AST and ALT were insignificantly affected ( Table 3) .
The highest value fore each of Hb, RBCs, WBCs, TP, albumin and globulin was recorded with fish group fed diet supplemented with biogen followed by fish group fed diet supplemented with bactocell as compared with control group (Table 3) . subtilis and saccharomyces cerevisiae) . The enhancement of the erythrogram parameters may be attributed to the hepato-stimulatory and hepato-protective effects of probiotics (Sarma et al., 2003) . In this respect, Soltan et al. (2016) showed that supplementation of O. niloticus diet with Biogen ® (0, 2, 3, 4 g Biogen ® /kg diet) significant (P<0.05) increase in hemoglobin, hematocrite, RBCs and WBCs. This could be associated to the necessity of transport more oxygen in blood to meet the rising energy demand of fish promoted by high levels of glucose (Nikinmaa et al., 1983) . Also, all dietary Biogen ® levels significantly (P<0.05) decreased serum transferase enzymes (ALT and AST). These results indicated that dietary probiotic Biogen ® play a role in removing the toxic factors presented in the diets and therefore improved liver function. Garlic (one component of Biogen ® ) inhibits the fatty acids synthesis and other lipid components in liver and reduces the level of fat accumulation in liver leading to a decrease in liver weight (Ibrahim et al., 2004) . Garlic contains a variety of organosulphur compounds, amino acids, minerals and vitamins (Block, 1985) . Sulphur compounds of garlic are responsible for inhibition of cholesterol synthesis (Liu and Yeh, 2000) .
Interaction between stoking density and probiotic treatments
All blood components studied insignificantly affected with the interaction between fish SD and dietary probiotic supplementation except WBCs significantly (P<0.01) affected (Table 3) . Within each SD levels, dietary probiotic supplementation increased Hb, RBCs, WBCs, TP, albumin and globulin; while, AST and AST were decreased (Table 3 ).
Body Composition
Effect of stocking density
Approximate analysis of body composition of Nile tilapia fish showed that, ash percentage significantly (P<0.05) affected with SD, while moisture, crude protein and ether extract were insignificantly affected (Table 4 ). Ash percentage were significantly (P<0.01) increased in fish group stocked at high density than those reared under low SD, but ether extract slightly decreased (Table 4) . Also, Mahmoud (2012) found that ether extract and ash percentages of the whole fish body were significantly (P<0.05 or 0.01) affected by fish SD while crude protein and dry matter were not significantly affected. With increasing fish SD the dry matter and ether extract percentages decreased by 2.2 and 2.3%, respectively while ash percentage increased by 7.9% as compared with lower fish SD.
Probiotic treatments
Approximate analysis of body composition of Nile tilapia showed that, crude protein, ether extract and ash percentages significantly (P < 0.001) affected with probiotic treatments while, moisture was insignificantly affected (Table 4) . Ether extract and ash percentages significantly (P<0.001) decreased in fish group fed diet supplemented with biogen or bactocell while, crude protein significantly (P< 0.001) increased in fish group fed diet supplemented with biogen as compared with the control group (Table 4) . These results are similar with the results of Abd El-Rhman et al. (2009) they found that, feeding Nile tilapia on basal diet with M. luteus (bacterial supplement) significantly affected (P<0.05) the moisture-content only. These results mean that the M. luteus supplemented diet promoted the feed intake hence increased body weight gain. Meanwhile, the changes in lipid and protein contents of fish-body could be linked to the changes in their synthesis and deposition-rate in muscles of fish (Soivio et al., 1989 and Abdel-Tawwab et al., 2006) .
Interaction between stoking density and probiotic treatments
Approximate analysis of body composition of Nile tilapia insignificantly affected with the interaction between fish SD and probiotic treatments (Table 4 ).
Infection with Aeromonas hydrophila Bacteria
After the challenge infection test using A. hydrophila, the mortality rate was higher in each of fish group stocked at low or high density and fed diet without probiotic supplementation (control fish group) than that of fish groups treated with dietary probiotics (Table 5) . Within low stocking density the percents level of protection (RLP) in fish groups fed diet augmented with biogen or bactocell were 100 and 60%, respectively. While, with high stocking density the RLP was 100 and 75% in fish groups fed diet augmented with biogen and bactocell, respectively as compared by the control group in the two levels of stocking density which recorded 0% of RLP (Table 5 ).
The use of probiotics for disease preventing and improved nutrition in aquaculture has gained prominence in recent times due to an increasing demand for environment-friendly aquaculture (Vine et al., 2006) . Common probiotic products used in aquaculture, such as ***= Highly significant (P ≤ 0.001), *= Significant (P ≤ 0.05) and NS = Not significant. Bacillus species, can improve water quality by decreasing the number of microbial pathogens in ponds (Wang et al., 2008) . Inclusion of probiotic in fish feed can also composition the beneficial bacterial flora in skin and intestine while they grow competitively over pathogenic bacteria (El-Rhman et al., 2009) .
Aeromonas hydrophila, one of the major bacterial pathogens which causes a variety of diseases in fish like hemorrhagic septicemia, infectious dropsy, and tropical ulcerative disease and fin rot leading to high mortality in aquaculture (Karunasagar et al., 1997) . In this respect, Mahmoud (2012) found that the mortality rate was higher in control fish group than that of fish groups treated with dietary probiotics after the challenge infection using A. hydrophila. Also, Dowidar et al. (2018) reported that fish prophylacted by probiotics then challenged with A. hydrophila showed a statistical improvement in survival percent between treated groups than control one when fed Nile tilapia on three types of probiotics, in commercial names Protexin, Biogen-S and Diamond V.
Profit Analysis
Effect of stocking density
Total body gain, return from body gain and final profit margin decreased with increasing fish stocking density. Fish group stocked at high density recorded lower return from body gain and final profit margin by 8.61 and 16.57%, respectively as compared with low density (Table 6 ).
Probiotic treatments
Total body gain, feed cost, return from body gain and final profit margin increased with dietary probiotic. Fish group fed diet contained Biogen and Bactocell recorded higher final profit margin by 55.65 and 32.26%, respectively, as compared with fish group fed diet without probiotic (Table 6 ). 
Interaction between stocking density and dietary probiotic treatments
Within the interaction between fish SD and dietary probiotic supplementation, supplemented diet with probiotic achieved increasing in total body gain, feed cost, return from body gain and total profit margin ( Table 6 ). The best final profit margin (increased by 56.30%) recorded in fish group stocked at low density and fed diet augmented with biogen, Final profit margin increased by 30.37 and 10.37%, in fish group stocked at high density and fed diet augmented with biogen or bactocell, respectively when compared with fish group stocked at low density and fed diet without probiotic (Table 6 ).
Conclusion
Based on the obtained results, it recommended that dietary probiotic (biogen or bactocell) supplementation to Nile tilapia (Oreochromis niloticus) diets reduce the effects of increasing stocking density as stress factor and achieve better growth performance, high disease resistance and high margin.
